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RESIST COMPOSITION AND PATTERNING
PROCESS

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 2013-209487 filed
in Japan on Oct. 4, 2013, the entire contents of which are
hereby incorporated by reference.

TECHNICAL FIELD

This invention relates to a resist composition, and more
particularly to a positive resist composition adapted for the
EB and EUV lithography processes; and a patterning process
using the same.

BACKGROUND ART

To meet the demand for higher integration density and
operating speed of LSIs, the effort to reduce the pattern rule is
in rapid progress. The wide-spreading flash memory market
and the demand for increased storage capacities drive forward
the miniaturization technology. As the advanced miniaturiza-
tion technology, manufacturing of microelectronic devices at
the 65-nm node by the ArF lithography has been implemented
in a mass scale. Manufacturing of 45-nm node devices by the
next generation ArF immersion lithography is approaching to
the verge of high-volume application. The candidates for the
next generation 32-nm node include ultra-high NA lens
immersion lithography using a liquid having a higher refrac-
tive index than water in combination with a high refractive
index lens and a high refractive index resist film, EUV lithog-
raphy of 13.5 nm wavelength, and double patterning version
of'the ArF lithography, on which active research efforts have
been made.

The current technology is approaching to the processing
size which is reduced below 50 nm as minimum line width.
When the processing size is so reduced, the thickness of resist
film must be reduced below 100 nm, depending on the surface
material of the substrate to be processed, because of such
factors as the structural strength to maintain the pattern
against the surface tension of developer and the adhesion
strength to the substrate. Onuse of prior art chemically ampli-
fied resist materials intended to form high-resolution resist
film, for example, no significant degradation of line edge
roughness (LER) does occur with a resist film having a thick-
ness of 150 nm, but LER is materially exacerbated when the
film thickness is reduced below 100 nm.

As the feature size is reduced, image blurs due to acid
diffusion become a problem (see Non-Patent Document 1).
To insure resolution for fine patterns with a size of 45 nm et
seq., not only an improvement in dissolution contrast as
intended in the prior art is requisite, but control of acid diffu-
sion is also important. Since chemically amplified resist com-
positions are designed such that sensitivity and contrast are
enhanced by acid diffusion, an attempt to minimize acid
diffusion by reducing the temperature and/or time of post-
exposure bake (PEB) results in drastic reductions of sensitiv-
ity and contrast.

Addition of an acid generator capable of generating a bulky
acid is effective for suppressing acid diffusion. It is then
proposed to copolymerize a polymer with an acid generator in
the form of an onium salt having polymerizable olefin.

With respect to the patterning of a resist film to a feature
size of 16 nm et seq., it is believed impossible in the light of
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acid diffusion to form such a pattern from a chemically ampli-
fied resist film. It would be desirable to have a non-chemically
amplified resist material.

A typical non-chemically amplified resist material is poly-
methyl methacrylate (PMMA). It is a positive resist material
which increases solubility in organic solvent developer
through the mechanism that the molecular weight decreases
as a result of scission of the main chain upon exposure to EB
or EUV. Due to the lack of cyclic structure, it has the draw-
backs of poor etch resistance and substantial outgassing dur-
ing exposure.

Hydrogensilsesquioxane (HSQ) is a negative resist mate-
rial which turns insoluble in alkaline developer through
crosslinking by condensation reaction of silanol generated
upon exposureto EB or EUV. Also chlorine-substituted calix-
arene functions as negative resist material. Since these nega-
tive resist materials have a small molecular size prior to
crosslinking and are free of blur by acid diffusion, they
exhibit reduced edge roughness and very high resolution.
They are thus used as a pattern transfer material for represent-
ing the resolution limit of the exposure tool. However, since
these materials are negative resists, bright patterns, which are
sensitive to defects in a multilayer mask, must be used when
it is desired to form hole patterns.

There is a demand for a non-chemically amplified positive
resist material having a high resolution.

The EB writing of a resist film encounters a problem that
the point of writing is shifted by electrostatic charges on the
resist film. It is proposed to overlay the resist film with an
antistatic film to prevent the resist film from being charged.
Undesirably coating of the antistatic film adds to the cost of
the overall process.

It was impossible to use metal-containing materials as the
photoresist material for the semiconductor lithography
because of a possible malfunction of semiconductor devices
as aresult of metal atoms migrating to the substrate. However,
it is known in the application other than the semiconductor,
for example, to use a metal compound as the resist material
for LCD (see Non-Patent Document 2) or zinc neodecanoate
as the patterning material for forming transparent electrode of
Zn0O. Patent Document 1 shows pattern-forming examples
using complexes of silicon, titanium, zirconium, tantalum,
barium, strontium, and hatnium with acetylacetone ligands.
Patent Document 2 discloses a pattern forming method using
salts of copper, chromium, cerium, yttrium, barium, and alu-
minum with carboxyl and amino-containing ligands. Once a
pattern is formed, it is converted into a pattern of metal oxide
by heat treatment at 300° C.

CITATION LIST

Patent Document 1: U.S. Pat. No. 6,849,305

Patent Document 2: U.S. Pat. No. 5,534,312

Non-Patent Document 1: SPIE Vol. 5039 p 1 (2003)

Non-Patent Document 2: J. Vac. Sci. Technol. B27(6),
November/December p 3164 (2009)

DISCLOSURE OF INVENTION

An object ofthe invention is to provide a resist composition
which has both high resolution and sensitivity, and forms a
pattern with a satisfactory profile and minimal LER after
exposure and development, especially a positive resist com-
position which has an electro-conductive function to prevent
charging during imagewise writing and may use a less toxic,
safe solvent; and a patterning process using the same.
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In one aspect, the invention provides a resist composition
comprising a metal compound obtained from reaction of at
least one metal compound selected from the group consisting
of'a metal compound having the general formula (A-1) and a
metal compound obtained from (partial) hydrolysis or con-
densation, or (partial) hydrolytic condensation of the metal
compound of formula (A-1), with a di- or trihydric alcohol
having the general formula (A-2).

M(OR!), (A-1)

Herein M is titanium, zirconium or hathium, and R* is a
straight or branched C,-C, alkyl group.

R*(OH),, (A-2)

Herein m is 2 or 3, when m is 2, R** is a divalent group
selected from the group consisting of a straight, branched or
cyclic C,-C,, alkylene, alkenylene, alkynylene or aralkylene
group, a straight or branched alkylene group substituted with
a cyclic alkyl, cyclic alkenyl or aryl moiety, and a straight or
branched alkylene group having an intervening cyclic alky-
lene, cyclic alkenylene or arylene moiety, said divalent group
may have a cyano moiety or be separated by a carbonyl, ester,
ether, thiol or NR moiety wherein R is hydrogen or a straight
or branched C,-Cy alkyl group, and when m is 3, R*¥ is a
trivalent group corresponding to the divalent group with one
hydrogen eliminated.

In another aspect, the invention provides a pattern forming
process comprising the steps of coating the resist composition
defined above onto a substrate, prebaking, exposing to high-
energy radiation, and developing with a developer.

Preferably, the developer is alkaline water. More prefer-
ably, the developer is an aqueous solution of at least one
hydroxide selected from among tetramethylammonium
hydroxide, tetracthylammonium hydroxide, tetrapropylam-
monium hydroxide, tetrabutylammonium hydroxide, choline
hydroxide, sodium hydroxide, and potassium hydroxide.
Typically, the high-energy radiation is EUV radiation having
awavelength of 3 to 15 nm or EB at an accelerating voltage of
1to 150 keV.

Advantageous Effects of Invention

The resist composition has many advantages including a
high resolution and a minimal edge roughness. It may be a
positive resist composition suited as the micropatterning
material for fabrication of VLSIs and photomasks, and the
patterning material in the EB and EUV lithography.

DESCRIPTION OF EMBODIMENTS

The terms “a” and an herein do not denote a limitation of
quantity, but rather denote the presence of at least one of the
referenced item. As used herein, the notation (C,-C,,) means
a group containing from n to m carbon atoms per group.

The abbreviations and acronyms have the following mean-
ing.

UV: ultraviolet radiation

EUV: extreme ultraviolet

EB: electron beam

Mw: weight average molecular weight

PEB: post-exposure bake

LER: line edge roughness

LWR: line width roughness

While the effort to reduce the pattern rule is in rapid
progress to meet the demand for higher integration density
and operating speed of LSIs as alluded to previously, there is
a need for a resist composition which has a high resolution
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and forms a pattern with a satisfactory profile and minimal
LER through exposure and development.

Seeking for the currently desired resist material having a
high resolution and minimal LER, the inventors have found
that better results are obtained from a positive resist compo-
sition comprising a partial condensate of titanium, zirconium
or hatnium alkoxide having diol or triol coordinated thereto.
Since these metals have high absorption to such radiation as
EB or EUYV, the resist composition has a high sensitivity as
non-chemically amplified resist material. The resist compo-
sition comprising a partial condensate of titanium, zirconium
or hafnium alkoxide having diol or triol ligand coordinated
thereto works as positive tone resist in that the diol or triol
ligand is eliminated upon exposure to high-energy radiation,
so that the partial condensate may turn soluble in alkaline
water.

The metal complex having diol ligand constitutes a non-
chemically amplified molecular resist. A high resolution is
available because the image blur due to acid diffusion is
avoided. Since the metal complex has a small molecular size
as compared with polymer-based resist materials, the occur-
rence of edge roughness caused by fluctuations of molecular
size is minimized. For this reason, the resist composition is
characterized by minimal edge roughness. In addition,
because ofits electric conduction, the metal complex prevents
the resist film from being electrically charged during EB
image writing. There is provided a resist composition, spe-
cifically positive resist composition suited as the micropat-
terning material for the fabrication of VLSIs and photomasks.

The resist composition of the invention is characterized by
comprising a final metal compound obtained by furnishing at
least one metal compound selected from among a starting
metal compound having the general formula (A-1), and an
intermediate metal compound obtained from (partial)
hydrolysis or condensation, or (partial) hydrolytic condensa-
tion of the starting metal compound of formula (A-1), and
reacting it with a ligand which is a di- or trihydric alcohol
having the general formula (A-2). As used herein, the term
“(partial) hydrolysis or condensation” refers to partial
hydrolysis, partial condensation, hydrolysis or condensation;
and the term “(partial) hydrolytic condensation” refers to
partial hydrolytic condensation or hydrolytic condensation.

M(OR!), (A-1)

Herein M is an element selected from among titanium, zirco-
nium, and hafnium, and R* is a straight or branched C,-C,

alkyl group.

R*(OH),, (A-2)

Herein m is 2 or 3. When m is 2, R*¥ is a divalent group
selected from the group consisting of a straight, branched or
cyclic C,-C,, alkylene, alkenylene, alkynylene or aralkylene
group, a straight or branched alkylene group substituted with
a cyclic alkyl, cyclic alkenyl or aryl moiety, and a straight or
branched alkylene group having an intervening cyclic alky-
lene, cyclic alkenylene or arylene moiety, the divalent group
may have a cyano moiety, or be separated by a carbonyl, ester,
ether, thiol or NR moiety wherein R is hydrogen or a straight
orbranched C,-C alkyl group. When m is 3, R* is a trivalent
group corresponding to the divalent group with one hydrogen
eliminated.

In the definition of R*%, the alkylene group substituted with
a cyclic alkyl, cyclic alkenyl or aryl moiety is an alkylene
group whose hydrogen atom is substituted by a cyclic alkyl,
cyclic alkenyl or aryl moiety; and the straight or branched
alkylene group having an intervening cyclic alkylene, cyclic
alkenylene or arylene moiety is a straight or branched alky-
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lene group in which two hydrogen atoms bonded to a com-
mon carbon atom or hydrogen atoms bonded to two different
carbon atoms are eliminated and a cyclic alkylene, cyclic
alkenylene or arylene moiety intervenes instead.

The ligand is selected from di- and trihydric alcohols hav-
ing formula (A-2), specifically dihydroxyl and trihydroxy
compounds. Examples include ethylene glycol, propylene
glycol, and the compounds shown below.
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-continued

A (partial) hydrolyzate or condensate, or (partial) hydro-
Iytic condensate of an alkoxy compound of titanium, zirco-
nium or hafnium having formula (A-1) may be synthesized by
furnishing a C,-C, alkoxy compound of titanium, zirconium
or hafnium, and subjecting it to (partial) hydrolysis or con-
densation, or (partial) hydrolytic condensation, preferably to
partial hydrolysis or partial hydrolytic condensation. By par-
tial hydrolysis, a titanium, zirconium or hafnium oxide hav-
ing a residual alkoxy group(s) is synthesized. The partial
hydrolyzate as such is then mixed with the diol or triol com-
pound, whereby the C, -C alkyl group R* is replaced by the
di- or trivalent group R*!. The replacement occurs more
effectively if the resultant R**OH is removed out of the reac-
tion system.

With respect to the method and conditions for carrying out
(partial) hydrolysis or condensation, or (partial) hydrolytic
condensation of'a metal compound having formula (A-1), any
well-known conditions may be used. For example, a hydroly-
sis or condensation reaction method involving addition of
water to metal alkoxide is used.

Reference is also made to the method and conditions for
reacting a starting metal compound of formula (A-1) or an
intermediate metal compound obtained from (partial)
hydrolysis or condensation or (partial) hydrolytic condensa-
tion thereof with an alcohol of formula (A-2). According to
the invention, an alcohol of formula (A-2) is added to a
(partial) hydrolyzate or condensate, or (partial) hydrolytic
condensate obtained as above, preferably a partial hydrolyz-
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ate or partial hydrolytic condensate resulting from hydrolysis
under the above conditions. The alcohol resulting from the
metal alkoxide is removed out of the system by application of
vacuum, whereby the alcohol of formula (A-2) is coordinated
to the metal.

The final metal compound thus obtained preferably has a
weight average molecular weight (Mw) of 500 to 100,000,
more preferably 700 to 50,000, as measured versus polysty-
rene standards by gel permeation chromatography (GPC).

In the resist composition, a (partial) hydrolyzate or con-
densate or (partial) hydrolytic condensate of a titanium, zir-
conium or hafnium alkoxide, preferably a partial hydrolyzate
or partial hydrolytic condensate of a titanium, zirconium or
hafnium alkoxide, to which a diol or triol compound is coor-
dinated is essential. An alcohol of at least 5 carbon atoms may
also be coordinated in addition to the diol or triol compound.
Examples of the alcohol of at least 5 carbon atoms are shown
below.
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-continued

e

Q0
C ¢ &

Q¢

Optionally, the resist composition may comprise a solvent,
which may be water or an organic solvent. Suitable organic
solvents include methanol, ethanol, n-propanol, isopropyl
alcohol, 1-butyl alcohol, 2-butyl alcohol, isobutyl alcohol,
tert-butyl alcohol, 1-pentanol, 2-pentanol, 3-pentanol, tert-
amyl alcohol, neopentyl alcohol, 2-methyl-1-butanol, 3-me-
thyl-1-butanol, 3-methyl-2-butanol, 3-methyl-3-pentanol,
cyclopentanol, 1-hexanol, 2-hexanol, 3-hexanol, 2,3-dim-
ethyl-2-butanol, 3,3-dimethyl-1-butanol, 3,3-dimethyl-2-bu-
tanol, 2-ethyl-1-butanol, 2-methyl-1-pentanol, 2-methyl-2-
pentanol,  2-methyl-3-pentanol,  3-methyl-1-pentanol,
3-methyl-2-pentanol, 3-methyl-3-pentanol, 4-methyl-1-pen-
tanol, 4-methyl-2-pentanol, 4-methyl-3-pentanol, 1-hep-
tanol, cyclohexanol, octanol, methyl lactate, ethyl lactate,
propyl lactate, butyl lactate, propylene glycol, butanediol
monomethyl ether, propylene glycol monomethyl ether,
butanediol monoethyl ether, propylene glycol monoethyl
ether, butanediol monopropy! ether, propylene glycol mono-
propyl ether, propylene glycol monomethoxymethyl ether,
propylene glycol monomethyl ether acetate, diacetone alco-
hol, allyl alcohol, propargyl alcohol, 3-methyl-1-pentyn-3-ol,
3-methyl-1-butyn-3-ol, furfuryl alcohol, tetrahydrofurfuryl
alcohol, and glycidol, which may be used alone or in admix-
ture.

Optionally, the resist composition may comprise an acid
generator, which is typically a compound capable of gener-
ating an acid in response to actinic light or radiation (i.e.,
PAG). The acid generator generates a sulfonic acid or car-
boxylic acid, which coordinates with the metal oxide to
increase its alkaline solubility, enhancing the contrast as posi-
tive resist. On exposure to EB or EUV, the metal oxide
releases a multiplicity of secondary electrons, whose energy
is transferred to the acid generator to increase the decompo-
sition efficiency of the acid generator. Thus the addition of an
acid generator improves not only contrast, but also sensitivity.
The PAG may be any compound capable of generating an acid
upon exposure to high-energy radiation. The preferred PAGs
include sulfonium salt, iodonium salt, sulfonyldiazomethane,

OH

OH
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N-sulfonyloxyimide, and oxime-O-sulfonate acid genera-
tors, which may be used alone or in admixture.

Tlustrative examples of the PAG are described in JP-A
2008-111103, paragraphs [0122]-[0142] (U.S. Pat. No.
7,537,880).

Astheacid generated by the acid generator exchanges with
the diol or triol ligand, a metal oxide having acid coordinated
thereto forms. Since this ligand exchange reaction is not a
chemically amplified reaction, the influence of acid diffusion
induced by exchange reaction is minimal. However, the influ-
ence (manifesting as image blur) due to diffusion of second-
ary electrons generated during exposure is substantial. Thus
the resist composition of the invention is affected by diffusion
in a different manner from chemically amplified resist com-
positions.

In the second aspect, the invention provides a pattern form-
ing process comprising the steps of coating the resist compo-
sition defined above onto a substrate, baking the composition
to form a resist film, exposing the resist film to high-energy
radiation, and developing the exposed resist film with a devel-
oper.

Examples of the high-energy radiation include excimer
lasers such as KrF, ArF, Xe, F, and Ar, excimer lasers, exci-
mer lamps, EUV, and EB. The energy of exposure causes the
diol ligand to be released, and the metal compound turns
soluble in alkaline aqueous solution. The resist composition
works in positive tone.

The step of exposing the resist film to high-energy radia-
tion may use EUV having a wavelength of 3 to 15 nm, and
accelerated EB at an accelerating voltage of 1 to 150 keV,
preferably 5 to 120 keV, more preferably up to 50 keV, and
even more preferably accelerated EB at a low accelerating
voltage of up to 10 keV. Exposure to EUV and EB having a
shorter wavelength and higher energy density than the exci-
mer laser is preferred because of a higher deprotection reac-
tion efficiency of diol ligand.

The resist composition is used in the fabrication of various
integrated circuits and masks. Pattern formation using the
resist composition may be performed by well-known lithog-
raphy processes although the process is not limited thereto.

The resist composition is first applied onto a substrate on
which an integrated circuit is to be formed or a processable
layer on the substrate (e.g., Si, SiO,, SiN, SiON; TiN, WSi,
BPSG, SOG, or organic antireflective coating) or a substrate
on which a mask circuit is to be formed or a processable layer
on the substrate (e.g., Cr, CrO, CrON, MoSi, or Si0O,) by a
suitable coating technique such as spin coating, roll coating,
flow coating, dip coating, spray coating or doctor coating. The
coating is prebaked on a hot plate at a temperature of 60 to
150° C. for 10 seconds to 30 minutes, preferably 80 to 120° C.
for 30 seconds to 20 minutes. The resulting resist film is
generally 0.01 to 2.0 um thick.

The resist film is then exposed to a desired pattern of
high-energy radiation such as UV, deep-UV, EB, x-ray, exci-
mer laser light, y-ray, synchrotron radiation or EUV (soft
x-ray), directly or through a mask. The exposure dose is
preferably about 1 to 1 J/em?, more preferably about 10 to 500
ml/em?, or 0.1 to 1 mC/cm? more preferably 0.5 to 500
uC/cm?. PEB is optional.

After exposure, the resist film is developed with a devel-
oper in the form of an aqueous base solution. Suitable devel-
opers are 0.1 to 30 wt %, preferably 0.1 to 5 wt %, and more
preferably 2 to 3 wt % aqueous solutions of tetramethylam-
monium hydroxide (TMAH), tetraecthylammonium hydrox-
ide (TEAH), tetrapropylammonium hydroxide (TPAH), tet-
rabutylammonium hydroxide (TBAH), choline hydroxide,
sodium hydroxide (NaOH), and potassium hydroxide
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(KOH). Other suitable developers are 0.1 to 30 wt % aqueous
solutions of bases which include ammonia, methylamine,
ethylamine, propylamine, n-butylamine, dimethylamine,
diethylamine, dipropylamine, di-n-butylamine, trimethy-
lamine, triethylamine, tri-n-propylamine, tri-n-butylamine,
hydrazine, hydrazine hydrate, methylhydrazine, dimethylhy-
drazine, trimethylhydrazine, tetramethylhydrazine, ethylhy-
drazine, diethylhydrazine, propylhydrazine, butylhydrazine,
phenylhydrazine, benzylhydrazine, phenethylhydrazine,
cyclopropylhydrazine, cyclopentylhydrazine, cyclohexylhy-
drazine, ethylenediamine, 1,2-diaminopropane, 1,3-diami-
nopropane, 1,2-diamino-2-methylpropane, N-methylethyl-
enediamine, N-ethylethylenediamine,
N-isopropylethylenediamine, N-hexylethylenediamine,
N-cyclohexylethylenediamine, N-octylethylenediamine,
N-decylethylenediamine, N-dodecylethylenediamine, N,N-
dimethylethylenediamine, N,N'-dimethylethylenediamine,
N,N-diethylethylenediamine, N,N'-diethylethylenediamine,
N,N'-diisopropylethylenediamine, =~ N,N,N'-trimethylethyl-
enediamine, diethylenetriamine, N-isopropyldiethylenetri-
amine, N-(2-aminoethyl)-1,3-propanediamine, triethylene-
tetramine, N,N'-bis(3-aminopropyl)ethylenediamine, N,N'-
bis(2-eminoethyl)-1,3-propanediamine, tris(2-aminoethyl)
amine, tetraethylenepentamine, pentaethylenchexamine,
2-(2-aminoethylamino)ethanol, N,N'-bis(thydroxyethyl)eth-
ylenediamine, N-(hydroxyethyl)diethylenetriamine, N-(hy-
droxyethyl)triethylenetetramine, piperazine, 1-(2-aminoet-
hyl)piperazine, 4-(2-aminoethyl)morpholine,
polyethyleneimine, 1,3-diaminopropane, 1,4-diaminobu-
tane, 1,3-diaminopentane, 1,5-diaminopentane, 2,2-dim-
ethyl-1,3-propanediamine, hexamethylenediamine, 2-me-
thyl-1,5-diaminopropane, 1,7-diaminoheptane, 1,8-
diaminooctane, 2,2.4-trimethyl-1,6-hexanediamine, 2,4,4-
trimethyl-1,6-hexanediamine, 1,9-diaminononane, 1,10-
diaminodecane, 1,12-diaminododecane, N-methyl-1,3-
propanediamine, N-ethyl-1,3-propanediamine, N-isopropyl-
1,3-propanediamine, = N,N-dimethyl-1,3-propanediamine,
N,N'-dimethyl-1,3-propanediamine, N,N'-diethyl-1,3-pro-
panediamine, N,N'-diisopropyl-1,3-propanediamine, N,N,
N'-trimethyl-1,3-propanediamine, 2-butyl-2-ethyl-1,5-pen-
tanediamine,  N,N'-dimethyl-1,6-hexanediamine,  3,3'-
diamino-N-methyldipropylamine, N-(3-aminopropyl)-1,3-
propanediamine, spermidine, bis(hexamethylene)triamine,
N,N',N"-trimethylbis(hexamethylene)triamine, 4-aminom-
ethyl-1,8-octanediamine, N,N'-bis(3-aminopropyl)-1,3-pro-
panediamine, spermine, 4,4'-methylenebis(cyclohexy-
lamine), 1,2-diaminocyclohexane, 1,4-diaminocyclohexane,
1,3-cyclohexanebis(methylamine), 1,4-cyclohexanebis(me-
thylamine), 1,2-bis(aminoethoxy)ethane, 4,9-dioxa-1,12-
dodecanediamine, 4,7,10-trioxa-1,13-tridecanediamine, 1,3-
diaminohydroxypropane, 4,4'-methylenedipiperidine,
4-(aminomethyl)piperidine, homopiperazine, 3-aminopyrro-
lidine, 4-aminopiperidine, 3-(4-aminobutyl)piperidine, poly-
allylamine, 1,8-diazabicyclo[5.4.0]-7-undecene (DBU), 1,5-
diazabicyclo[4.3.0]-5-nonene  (DBN), 1,4-diazabicyclo

[2.2.2]octane (DABCO), 1,4,7-trimethyl-1,4,7-
triazacyclononane, 1,5,9-trimethyl-1,5,9-
triazacyclododecane, 1,4,8,11-tetramethyl-1,4,8,11-

tetraazacyclotetradecane, and  4.,4'-trimethylenebis(1-
methylpiperidine). The development may be carried out
usually for 3 seconds to 3 minutes, preferably 5 seconds to 2
minutes by conventional techniques such as dip, puddle or
spray techniques. The resist film in the exposed area is dis-
solved in the developer whereas the resist film in the unex-
posed area is not dissolved. In this way, the desired positive
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pattern is formed on the substrate. Following development,
the resist pattern is rinsed with deionized water and dried by
spin drying.

EXAMPLE

Examples of the invention are given below by way of
illustration and not by way of limitation. The abbreviation
“pbw” is parts by weight. Mw is measured versus polystyrene
standards by GPC.

Synthesis Example A-I

In 500 g of 2-propanol (IPA) was dissolved 284 g of tita-
nium tetraisopropoxide. With stirring, a mixture of 27 g of
deionized water and 500 g of IPA was added dropwise to the
solution at room temperature over 2 hours. To the solution,
146 g of 2-ethyl-1,3-hexanediol was added, followed by stir-
ring at room temperature for 30 minutes. The solution was
concentrated in vacuum at 30° C. The concentrate was further
heated to 60° C. and held at the temperature in vacuum until
any distillate no longer came out. At the end of distillation,
1,200 g of 4-methyl-2-pentanol (MIBC) was added to the
residue, which was heated at 40° C. in vacuum until IPA was
no longer distilled out. There was obtained 1,000 g of a MIBC
solution of titanium-containing compound (A-I). The com-
pound (A-I) had a Mw of 1,000.

Synthesis Example A-II

In 500 g of IPA was dissolved 284 g of titanium tetraiso-
propoxide. With stirring, a mixture of 27 g of deionized water
and 500 g of IPA was added dropwise to the solution at room
temperature over 2 hours. To the solution, 120 g of 2-methyl-
2,4-pentanediol was added, followed by stirring at room tem-
perature for 30 minutes. The solution was concentrated in
vacuumat 30° C. The concentrate was further heated to 60° C.
and held at the temperature in vacuum until any distillate no
longer came out. At the end of distillation, 1,200 g of MIBC
was added to the residue, which was heated at 40° C. in
vacuum until IPA was no longer distilled out. There was
obtained 1,000 g of a MIBC solution of titanium-containing
compound (A-II). The compound (A-II) had a Mw of 1,100.

Synthesis Example A-I11

In 500 g of 1-butanol was dissolved 340 g of titanium
tetrabutoxide. With stirring, a mixture of 27 g of deionized
water and 500 g of 1-butanol was added dropwise to the
solution at room temperature over 2 hours. To the solution,
132 g of 3-methyl-1,3-hexanediol was added, followed by
stirring at room temperature for 30 minutes. The solution was
concentrated in vacuum at 40° C. The concentrate was further
heated to 60° C. and held at the temperature in vacuum until
any distillate no longer came out. At the end of distillation,
1,200 g of propylene glycol monomethyl ether acetate (PG-
MEA) was added to the residue, which was heated at 50° C.
in vacuum until 1-butanol was no longer distilled out. There
was obtained 1,000 g of a PGMEA solution of titanium-
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containing compound (A-III). The compound (A-III) had a
Mw of 1,250.

Synthesis Example A-IV

In 500 g of 1-butanol was dissolved 243 g of titanium
tetrabutoxide tetramer obtained from partial hydrolysis of
titanium tetrabutoxide. To the solution was added 130 g of
pinacol, followed by stirring at room temperature for 30 min-
utes. The solution was concentrated in vacuum at 40° C. The
concentrate was further heated to 60° C. and held at the
temperature in vacuum until any distillate no longer came out.
Attheend of distillation, 1,200 g of PGMEA was added to the
residue, which was heated at 50° C. in vacuum until 1-butanol
was no longer distilled out. There was obtained 1,000 g of a
PGMEA solution of titanium-containing compound (A-IV).
The compound (A-IV) had a Mw of 1,150.

Synthesis Example A-V

In 500 g of 1-butanol was dissolved 243 g of titanium
tetrabutoxide tetramer (see above). To the solution was added
146 g of 2,4-dimethyl-2,4-hexanediol, followed by stirring at
room temperature for 30 minutes. Further 46 g of N-(2-
hydroxyethyl)morpholine was added. The solution was con-
centrated in vacuum at 50° C. The concentrate was further
heated to 60° C. and held at the temperature in vacuum until
any distillate no longer came out. At the end of distillation,
1,200 g of PGMEA was added to the residue, which was
heated at 50° C. in vacuum until 1-butanol was no longer
distilled out. There was obtained 1,000 g of a PGMEA solu-
tion of titanium-containing compound (A-V). The compound
(A-V) had a Mw of 1,100.

Synthesis Example A-VI

In 500 g of 1-butanol was dissolved 243 g of titanium
tetrabutoxide tetramer (see above). To the solution was added
150 g of 2,4-dimethyl-2,5-hexanediol, followed by stirring at
room temperature for 30 minutes. The solution was concen-
trated in vacuum at 50° C. The concentrate was further heated
to 60° C. and held at the temperature in vacuum until any
distillate no longer came out. At the end of distillation, 1,200
g of PGMEA was added to the residue, which was heated at
50° C. in vacuum until 1-butanol was no longer distilled out.
There was obtained 1,000 g of a PGMEA solution of tita-
nium-containing compound (A-VI). The compound (A-VI)
had a Mw of 1,100.

Synthesis Example A-VII

In 400 g of 1-butanol was dissolved 480 g of a 80 wt %
1-butanol solution of zirconium tetraisopropoxide. With stir-
ring, a mixture of 27 g of deionized water and 500 g of
1-butanol was added dropwise to the solution at room tem-
perature over 2 hours. To the solution, 90 g of 1,3-butanediol
was added, followed by stirring at room temperature for 30
minutes. The solution was concentrated in vacuum at 30° C.
The concentrate was further heated to 60° C. and held at the
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temperature in vacuum until any distillate no longer came out.
Attheend of distillation, 1,200 g of PGMEA was added to the
residue, which was heated at 40° C. in vacuum until 1-butanol
was no longer distilled out. There was obtained 1,000 g of a
PGMEA solution of zirconium-containing compound
(A-VII). The compound (A-VII) had a Mw of 1,400.

Synthesis Example A-VIII

In 400 g of 1-butanol was dissolved 480 g of a 80 wt %
1-butanol solution of hafnium tetraisopropoxide. With stir-
ring, a mixture of 27 g of deionized water and 500 g of
1-butanol was added dropwise to the solution at room tem-
perature over 2 hours. To the solution, 90 g of 1,3-butanediol
was added, followed by stirring at room temperature for 30
minutes. The solution was concentrated in vacuum at 30° C.
The concentrate was further heated to 60° C. and held at the
temperature in vacuum until any distillate no longer came out.
Attheend of distillation, 1,200 g of PGMEA was added to the
residue, which was heated at 40° C. in vacuum until 1-butanol
was no longer distilled out. There was obtained 1,000 g of a
PGMEA solution of hafhium-containing compound
(A-VIID). The compound (A-VIII) had a Mw of 1,500.

Comparative Synthesis Example CA-I

In 500 g of IPA was dissolved 284 g of titanium tetraiso-
propoxide. With stirring, a mixture of 27 g of deionized water
and 500 g of IPA was added dropwise to the solution at room
temperature over 2 hours. The solution was concentrated in
vacuumat 30° C. The concentrate was further heated to 60° C.
and held at the temperature in vacuum until any distillate no
longer came out. At the end of distillation, 1,200 g of MIBC
was added to the residue, which was heated at 40° C. in
vacuum until IPA was no longer distilled out. There was
obtained 1,000 g of a MIBC solution of titanium-containing
compound (CA-I). The compound (CA-I) had a Mw of 1,300.

Comparative Synthesis Example CA-II

To a solution of 284 g of titanium tetraisopropoxide in 500
g of IPA, 150 g of 2,5-dimethyl-2,5-hexanediol was added,
followed by stirring at room temperature for 30 minutes. The
solution was concentrated in vacuum at 50° C. The concen-
trate was further heated to 60° C. and held at the temperature
in vacuum until any distillate no longer came out. At the end
of distillation, 1,200 g of MIBC was added to the residue,
which was heated at 50° C. in vacuum until IPA was no longer
distilled out. There was obtained 1,000 g of a MIBC solution
of titanium-containing compound (CA-II) corresponding to
titanium tetraisopropoxide whose ligand was replaced by
2,5-dimethyl-2,5-hexanediol. The compound (CA-II) had a
Mw of 280.

Examples 1 to 10 and Comparative Examples 1, 2

Positive resist compositions were prepared by dissolving a
diol-coordinated metal oxide (obtained in Synthesis
Examples) in a solvent in accordance with the recipe shown in
Table 1 and filtering the solution through a filter having a pore
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size of 0.2 um. The solvent contained 100 ppm of a fluoro-
chemical surfactant FC-4430 (3M).

The components in Table 1 are as identified below.
PGMEA: propylene glycol monomethyl ether acetate
PGPE: propylene glycol monopropy! ether
MIBC: 4-methyl-2-pentanol
Acid generator: PAG1, 2 of the following structural formulae

PAG1

Qs* “03S—CF,
>—o

FsC 0

PAG2

Q O
' N—S0;—C4Fs
0

EB Writing Test

In the patterning test, the positive resist compositions pre-
pared by dissolving the components as in Table 1 and filtering
the solutions through a filter having a pore size 0of 0.2 um were
used. Silicon substrates having a diameter of 6 inches were
vapor primed with hexamethyldisilazane (HMDS). Using a
coater/developer system Clean Track Mark 5 (Tokyo Electron
Ltd.), the positive resist composition was spin coated onto the
primed silicon substrate and prebaked on a hot plate at 110°
C. for 60 seconds to form a resist film of 40 nm thick. Using
a system HL-800D (Hitachi, Ltd.), the resist film was irradi-
ated imagewise with EB at a HV voltage of 50 keV in a
vacuum chamber. Using the system Clean Track Mark 5,
immediately after the imagewise exposure, the resist film was
puddle developed with a 2.38 wt % TMAH aqueous solution
for 20 seconds, yielding a positive pattern.

The pattern was evaluated as follows. Resolution was a
minimum size at the exposure dose (sensitivity) that provided
a 1:1 resolution of a 100-nm line-and-space pattern. The
100-nm line-and-space pattern was measured for line width
roughness (LWR) under SEM.

Table 2 shows the results of sensitivity, resolution, and
LWR of the resist compositions by EB lithography.

TABLE 1
Base resin Additive Solvent

Resist solution (pbw)  (pbw) (pbw)

Resist 1 A-l — MIBC (5,000)
Resist 2 A-II — MIBC (5,000)
Resist 3 A-TI — PGMEA (5,000)
Resist 4 A-IV — PGMEA (5,000)
Resist 5 A-V — PGMEA (5,000)



US 9,274,425 B2

17
TABLE 1-continued
Base resin Additive Solvent
Resist solution (pbw)  (pbw) (pbw)
Resist 6 A-VI — PGMEA (5,000)
Resist 7 A-VII — PGMEA (5,000)
Resist 8 A-VIII — PGMEA (5,000)
Resist 9 AV PAGI1 (5.0) PGMEA (5,000)
Resist 10 AV PAG2 (5.0) PGMEA (5,000)
Comparative Resist 1 ~ CA-I — MIBC (5,000)
Comparative Resist 2 ~ CA-II — MIBC (5,000)
TABLE 2
Sensitivity Resolution LWR
Resist (uClem?) (nm) (nm)
Example 1 Resist 1 330 65 2.2
Example2  Resist2 380 55 2.2
Example 3 Resist 3 250 60 2.2
Example4  Resist4 260 65 2.2
Example 5 Resist 5 275 60 2.4
Example 6  Resist 6 280 55 2.8
Example 7 Resist 7 290 50 2.8
Example 8  Resist 8 330 60 2.1
Example9  Resist9 80 85 3.6
Example 10 Resist 10 120 80 3.9
Comparative Comparative no pattern formed — —
Example 1 Resist 1
Comparative Comparative no pattern formed — —
Example2  Resist2

As seen from the results of Table 2, the resist compositions
within the scope of the invention exhibit a sufficient resolu-
tion and a fully reduced edge roughness. In contrast, the resist
composition of Comparative Example 1 containing the metal
compound without diol coordination failed to form a pattern
because the dissolution of the unexposed region in alkaline
developer is insufficiently inhibited. In Comparative
Example 2 wherein the metal compound is not a titanium
condensate despite diol coordination and has a low molecular
weight, the resist composition also failed to form a pattern
because the dissolution of the unexposed region in alkaline
developer is insufficiently inhibited.

Japanese Patent Application No. 2013-209487 is incorpo-
rated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto in light of the above teachings. It is therefore to be
understood that the invention may be practiced otherwise
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than as specifically described without departing from the
scope of the appended claims.

The invention claimed is:

1. A resist composition comprising a metal compound
obtained from reaction of at least one metal compound
selected from the group consisting of a metal compound
having the general formula (A-1) and a metal compound
obtained from (partial) hydrolysis or condensation, or (par-
tial) hydrolytic condensation of the metal compound of for-
mula (A-1), with a di- or trihydric alcohol having the general
formula (A-2),

M(OR!), (A1)

wherein M is an element selected from the group consist-
ing of titanium, zirconium, and hafnium, and R is a
straight or branched C,-C; alkyl group,

R*(OH),, (A-2)

wherein m is 2 or 3, when m is 2, R** is a divalent group
selected from the group consisting of a straight,
branched or cyclic C,-C,, alkylene, alkenylene, alky-
nylene or aralkylene group, a straight or branched alky-
lene group substituted with a cyclic alkyl, cyclic alkenyl
or aryl moiety, and a straight or branched alkylene group
having an intervening cyclic alkylene, cyclic alkenylene
or arylene moiety, said divalent group may have a cyano
moiety or be separated by a carbonyl, ester, ether, thiol or
NR moiety wherein R is hydrogen or a straight or
branched C,-C alkyl group, and when m is 3, R** is a
trivalent group corresponding to the divalent group with
one hydrogen eliminated.

2. A pattern forming process comprising the steps of coat-
ing the resist composition of claim 1 onto a substrate, baking,
exposing to high-energy radiation, and developing with a
developer.

3. The process of claim 2 wherein the developer is alkaline
water.

4. The process of claim 3 wherein the developer is an
aqueous solution of at least one hydroxide selected from the
group consisting of tetramethylammonium hydroxide, tetra-
ethylammonium hydroxide, tetrapropylammonium hydrox-
ide, tetrabutylammonium hydroxide, choline hydroxide,
sodium hydroxide, and potassium hydroxide.

5.The process of claim 2 wherein the high-energy radiation
is EUV radiation having a wavelength of 3 to 15 nm.

6. The process of claim 2 wherein the high-energy radiation
is EB at an accelerating voltage of 1 to 150 keV.
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